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ABSTRACT
Objective (s): The green synthesis of copper nanoparticles using metabolites of microorganisms has gained 
much interest in recent years. In this work, it was studied optimization of copper nanoparticles synthesis 
using E. coli and its antifungal activity.
Materials and Methods: The copper nanoparticles were synthesized by Escherichia coli. Effect of copper 
nitrate concentration and temperature was studied on size and production efficiency. In addition, copper 
nanoparticles were analyzed by UV – VIS spectroscopy, transmission electron microscopy (TEM), and 
dynamic light scattering (DLS). Finally, the antifungal properties of synthesized nanoparticles were tested 
against Penicillium by disc diffusion method in different concentrations of nanoparticles.
Results: It was found that initial concentration of copper nitrate plays a key role in formation of nanoparticles. 
Also, it was indicated that in lower temperatures, the size of copper nanoparticles is smaller and their 
distribution is narrower. It was determined the concentration of 15% w/v of copper nanoparticles in distilled 
water is optimum concentration for the maximum of antifungal activity. 
Conclusion: The biosynthesized copper nanoparticles displayed antifungal activity against Penicillium. The 
experiments showed the usability of these nanoparticles in water purification, air purification and antifungal 
packaging.
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INTRODUCTION
The past decade has seen significant 

interest directed towards the synthesis of metal 
nanoparticles due to their unique physicochemical 
properties and their potential applications in 
various fields, which include biological labelling, 
catalysis, diagnostics, electronics, and sensor 
technology [1, 2]. The techniques used to produce 
nanoparticles can be classified as physicochemical 
or biological. Many physicochemical synthetic 
methods have been devised, but they are often 
expensive and involve the use of toxic or hazardous 
chemicals that pose potential environmental 
and biological risks [3, 4]. Therefore, biological 
processes based on the use of microorganisms or 
plants have been considered as possible means 
for synthesizing nanoparticles, especially “green” 

synthetic processes [5, 6]. Furthermore, the 
nanoparticles formed by biological methods are 
stable for a long time, whereas those produced 
using chemical methods are unstable and tend to 
aggregate [7, 8]. Accordingly, biological entities, 
such as, microorganisms (algae, bacteria, fungi, 
and yeast) and plants have been investigated 
for the synthesis of copper nanoparticles [9, 
10]. Of the many possible biological sources, 
microorganisms are preferred for biosynthesis 
due to their processing speeds, ease of culture, 
and downstream processing and manipulation 
considerations [11, 12, 13]. In addition, the 
synthesis of copper nanoparticles using 
microorganisms does not require the laborious 
extraction processes needed for processing plant 
biomasses. The microbial synthesis of copper 
nanoparticles can take place either intracellularly 
or extracellularly. Copper nanoparticles have wide 
applications in heat transfer fluids, sensors [14, 
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15, 16], catalysis, solar energy, antibacterial and 
antifungal materials and batteries [17, 18, 19].

In the present study, E. coli was used for the 
extracellular synthesis of copper nanoparticles.  
Environmental parameters (concentration and 
temperature) were optimized to synthesize 
of copper nanoparticles, and their antifungal 
activities were determined.

MATERIALS AND METHODS
Tryptic Soy Broth (TSB) was prepared, sterilized 

and inoculated with a fresh growth of E. coli. The 
cultured flask was incubated at 37ºC for 24 h. After 
incubation the culture was centrifuged at 4500 
rpm for 25 min and the supernatant was used for 
subsequent experiments. 

The effect of copper nitrate (II) concentration 
100 ml of 0.01M copper nitrate(II) solution, 

100 ml of 0.005 M copper nitrate(II) solution, 
and 100 ml of 0.001 M copper nitrate(II) solution 
were mixed with 1 ml Polyvinylpyrrolidone (PVP) 
in three separate flasks. 10 ml supernatant was 
added to each flask and after 2 hr., the color of 
the solution turned yellow to ocher. The prepared 
copper nanoparticles were characterized by uv-vis 
spectroscopy, transmission electron microscopy 
(TEM) and DLS analysis.

The effect of temperature 
Three flasks containing 100 ml of 0.001M 

copper nitrate (II) solution with 1 ml pvp were kept 
at three different temperatures. For this aim, water 
bath was used to maintain the flasks at 5°C, 25 °C 
and 50°C. Then, 10 ml of supernatant was added 
to each flask and it was detected a color change 
in the solution after 2 hr. The produced samples 
were characterized by UV-Vis spectroscopy, 
transmission electron microscopy (TEM), and DLS 
analysis.

Anti-fungal properties of copper nanoparticles 
The anti-fungal activity was studied by agar 

well diffusion method. Penicillium fungus was used 
in this study. At first, the copper nanoparticles 
suspensions (optimal conditions) were centrifuged 
at 5000 rpm for 20 minutes. The precipitated 
copper nanoparticles were washed with distilled 
water and then prepared in four concentrations 
of 5%, 10%, 15% and 20% w / v in distilled water. 
A fresh fungal culture was spreader on agar 
plates with glass spreader. A well was punched 

off in pertiplates with sterile cup borer and then 
copper nanoparticle (5%, 10%, 15% and 20%), 
control sample and two antibiotics tetracycline 
and cefalexin were loaded. Plates were incubated 
at 37˚C for 2 days, until appearance of zone of 
inhibition. The zone of inhibition was measured as 
a property of anti-fungal activity.

RESULTS AND DISCUSSIONS
The study of copper nitrate (II) concentration 

The color of the solution in the flask containing 
mixture of copper nitrate (II) and supernatant 
changed to ocher after 2 hrs.

Fig 1. UV–Vis spectra of copper nanoparticles suspension a) 
0.001 M, b) 0.005 M, and c) 0.01 M of copper nitrate solution
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This color change indicated the possible 
of copper nanoparticles formation. The 
nanoparticles were primarily characterized by UV–
Vis spectroscopy, which has proved to be a very 
useful technique for the analysis of nanoparticles 
[9, 10, 20]. As illustrated in Fig 1 (a), a strong 
surface plasmon resonance was centered at ~578 
nm. Observation of this strong but broad surface 
plasmon peak has been well documented for 
various metal nanoparticles, with sizes ranging 
widely from 2 to100 nm [11, 21, 22].

By increasing concentration from 0.001 M to 
0.005 M, the peak was shifted from 578 nm to 
600 nm (Fig 1b); while at concentration of 0.01 M, 
no peak was observed (Fig 1c). It is apparent that 
nanoparticles were not formed at concentration 
of 0.01 M. It was suggested that microparticles 
were formed at high concentration. Dynamic light 
scattering (DLS) analysis was used to obtain the 
distribution of nanoparticles size. As shown in Fig 
2, the size of copper nanoparticles increased with 
increasing the concentration of copper nitrate 
from 0.001 M to 0.005 M. 

This confirmed the results of UV-Vis 
spectroscopy analysis. In addition, the average 
size of copper nanoparticles was 64 nm at 
concentration of 0.001 M (Fig 2a). Also, two 
peaks were observed at 49 nm and 135 nm for 
concentration of 0.005 M that indicated particles 
size were larger than 100 nm (Fig 2b).

Fig 2.  The curve of size distribution by number, a) 0.001 M, b) 
0.005 M of copper nitrate solution

This expressed an inappropriate distribution 
of particles in this state. Thus, the best the size 
distribution of nanoparticles was in concentration 
of 0.001 M.

The study of temperature 
In this work, three different temperatures 

were used to study the temperature effect on 
the copper nanoparticles synthesis. The color 
changes were started at 5ºC quicker than other 
temperatures. 

Fig 3. UV–Vis spectra of copper nanoparticles suspension a) 
T=5°C, b) T=25°C, and c) 50°C
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Fig 4.  The curve of size distribution by number a) T=5°C, b) 
T=25°C, and c) 50°C

Fig 5.  TEM micrograph of copper nanoparticles

To prove the existence of nanoparticles, three 
samples were monitored by measuring UV-visible 
absorption within wave lengths of 500-700nm. As 
seen in Fig 3, peaks are at 572 nm, 578 nm and 
590 nm for temperatures at 5°C, 25 °C and 50°C, 
respectively. This means that the smallest of 

the nanoparticles were formed at 5 °C and also, 
the absorption amount is more than two other 
samples that indicates the more reduction of 
copper ions. Dynamic light scattering (DLS) analysis 
was used to investigate the temperature effect on 
the nanoparticles size. As illustrated in Fig 4, the 
nanoparticles size was increased with increasing 
temperature. At 5 ºC, the average size of copper 
nanoparticles is about 35 nm, while at 25ºC and 
50ºC are about 64 nm and 88 nm, respectively. 
These results were completely confirmed with the 
results of UV-Vis spectroscopy. Since the enzyme 
nitrate reductase (NR) released by E. coli is the 
major factor in copper ions reduction, it seems 
the enzyme was deactivated with increasing 
temperature, and thus the reduction amount was 
decreased. 

Therefore, the nanoparticles size was 
decreased and the amount of production was 
increased with decreasing temperature.

The above results suggest that the best of 
synthesis conditions is 0.001 M and 5 °C for the 
copper nitrate concentration and the reaction 
temperature, respectively. 

As shown in the table, the antifungal activity 
of nanoparticles is related to the concentration 
of nanoparticles. The zone of inhibition increased 
with increasing the concentration of nanoparticles 
to 15% but the inhibition zone is approximately 
constant with increasing the concentration to 
20%. This means that the minimum concentration, 
which has the maximum antifungal activity, is 
15%. In fact, a suspension containing copper 
nanoparticles with a concentration of 15% w/v 
in distilled water is an optimal concentration for 
the penicillium antifungal activity. Fig 6 shows 
the inhibition zone curve of Penicillium fungus 
according to copper nanoparticles percentage.

Table 1. Antifungal activity of the nanoparticles on fungus 
Penicillium(mm)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sample zone of inhibition(mm) 
control 0 
Copper nanoparticles 5% 4.5 
Copper nanoparticles 10% 8.5 

Copper nanoparticles 15% 13 

Copper nanoparticles 20% 13.5 

tetracycline 15 

cefalexin 0 
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Fig 6. The inhibition zone curve of Penicillium fungus 
according to copper nanoparticles percentage

CONCLUSION
In this research, the copper nanoparticles 

were synthesized by E. coli and it was investigated 
the effect of copper nitrate concentration and 
temperature on nanoparticles size. The results 
showed in low concentrations of copper ions in 
solution, it is possible to form more nanoparticles. 
In this study, copper nitrate solution with a 
concentration of 0.001 M and a temperature of 
5°C has the best performance in the formation 
of nanoparticles and their small size. All the 
results were analyzed using UV-Vis spectroscopy, 
dynamic light scattering (DLS), and transmission 
electron microscopy (TEM). These nanoparticles 
were used to determine the antifungal activity. 
The copper nanoparticles were prepared at four 
concentrations of 5%, 10%, 15% and 20% w/v in 
distilled water. It was studied its antifungal activity 
against Penicillium fungus by disk diffusion method. 
It was determined the concentration of 15% w/v of 
copper nanoparticles in distilled water is optimum 
concentration for the maximum of antifungal 
activity. The experiments showed the usability 
of these nanoparticles in water purification, air 
purification and antifungal packaging.
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